Objective: Airway obstruction can be clinically quantifi ed at the bedside by measuring the time taken for forced expiration. The aim of this study was to examine the accuracy of the forced expiratory time in detecting airfl ow limitation, and small airway disease when compared with simple spirometry as a gold standard test.
The Diagnosti c Value of Forced Expiratory Time

Wali, S.O.
OBJECTIVES
Obstructive airway disease is characterized by a slower expiratory phase. Normally, the forced expiratory volume in the fi rst second (FEV 1 ) is ≥70% of the forced vital capacity (FVC), and hence, an FEV 1 /FVC ratio of < 70% is indicative of an airfl ow limitation [1] . A study in a random population sample, found that the post-bronchodilator FEV 1 /FVC ratio exceeded 70% in all age groups, supporting the use of this fi xed ratio [2] .
Airway obstruction can also be clinically quantifi ed at the bedside by measuring the time taken for forced expiration. This can be measured as the forced expiratory time (FET) using a stethoscope and a stopwatch. The simplicity of this test has attracted many supporters of this simple bedside tool, which requires no equipment whatsoever to assess obstructive airway disease. The association between FET and airway obstruction was recognized more than half a century ago [3, 4] . Although, earlier studies indicated that FET correlates best with the FEV 1 /FVC ratio [5, 6] and recommended the use of FET as a useful bedside test for the diagnosis of airway obstruction. More recent reports suggest that less emphasis should be placed on prolonged FET when making a diagnosis of an obstructive airway disease [7] [8] [9] . However, there is controversy in the limited reported literature regarding the effi cacy of FET in diagnosing airway obstruction, as well as the lack of consistency in the cut-off normal value applied.
In this study, the diagnostic accuracy of FET for obstructive airway disease and its correlation were tested using 6 seconds as the cut-off normal value, with simple spirometric parameters, i.e., FEV 1 , FEV 1 /FVC ratio, Midexpiratory fl ow (MEF), and a peak expiratory fl ow.
METHODS
This was a cross-sectional diagnostic test study. All consecutive subjects that were referred to a pulmonary function laboratory in a tertiary hospital over a 6-month period were recruited. All candidates agreed verbally to participate in this study. Each candidate completed a simple spirometry test and had FET measured.
A standard protocol for simple spirometry was followed according to the American Thoracic Society Standards [10] . The diagnosis of obstructive lung disease was based on the spirometric fi ndings; the FEV 1 was < 70% of the FVC [1, 10] . FET was assessed by asking the patient to sit upright and take a deep breath, in and out, with the mouth open, as quickly and completely as possible. The instructor listened over the upper trachea in the suprasternal notch with the bell of a stethoscope. The duration of the audible-exhalation was timed to the nearest second using a stopwatch. Normally, the audible-exhalation should last < 6 seconds. Three consistent readings were obtained, allowing a short rest between efforts. The average FET in seconds was then calculated. Each FET trial was performed simultaneously with the simple spirometry test, which was performed using the SENSORMEDICS Vmax 229 Auto Box System PFT (JAEGER, Germany). The data were entered on an excel database. The correlation between FET and the FEV 1 /FVC ratio and the other spirometry parameters was assessed using Pearson correlation (pair-wise deletion). One senior technician assessed all patients.
Sensitivity was calculated as the probability that the FET was abnormally prolonged. The accuracy of the FET test, with a cut-off value of 6 seconds for assessing the presence of airway obstruction was determined (true positives/true positives plus false negatives). Specifi city was calculated as the probability that FET was normal when airway obstruction was not present (true negatives/true negatives plus false positives).
Receiver Operating Curves (ROC) used to assess accuracy or effi ciency were defi ned as the sum of the true positives, plus the true negatives; divided by the sum of the true positives, true negatives, false positives, and false negatives.
RESULTS
The study included a total of 201 subjects between the ages of 12-81 years, of which 103 were male. Among these subjects, based on spirometric fi ndings, 63 had normal spirometric recordings, 58 exhibited an obstructive pattern (OP), 40 exhibited a restrictive pattern, and 40 exhibited a mixed pattern. The measurement of FET demonstrated that 60 subjects had prolonged (abnormal) FET, whereas the remaining 141 subjects had normal values. However, the average FET ranged between 1.1-13.6 seconds ( Table 1) .
Correlations of FET with spirometric parameters are shown in Table 2 . These correlations, although, greatest with the FEV 1 /FVC ratio (0.58), in general were not strong enough to consider FET an effective diagnostic test for airway limitation. In addition, the correlation of FET with spirometric parameters did not improve even when only subjects with obstructive airway disease were included, as shown in Table 3 .
Using the ROC data, it was revealed that FET at a cut-off value of ≥ 6 seconds had a sensitivity of 61%, and a specifi city of 79% in predicting OP in comparison with simple spirometry using the FEV 1 /FVC ratio cut-off value of < 70%. On the other hand, at a cut-off value of ≥ 6 seconds, the sensitivity and specifi city of FET in predicting small airway disease, which is often diagnosed based on a MEF of less than 65% predicted, were 47% and 86%, respectively.
However, when only the data from clinically suspected cases of obstructive airway disease (118 cases) were considered, the sensitivity and specifi city of FET as a diagnostic tool for OP were 55% and 70%, respectively. In this subgroup, the mean FET in subjects with documented OP based on spirometry was 6.26 ± 3.12 seconds.
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DISCUSSION
Our data indicate that the sensitivity and specifi city of FET as a screening test for obstructive airway disease, when used for all subjects with suspected pulmonary disease, were 61% and 79%, respectively. These results support the fi ndings that have recently been reported in the literature. Badgett et al. [7] , using a cut-off normal value of < 4 seconds, reported a low specifi city and sensitivity of FET (49% and 77%, respectively). More recently, Straus et al. [8] suggested that, when making a diagnosis of chronic obstructive pulmonary disease (COPD), less emphasis should be placed on the individual fi ndings of prolonged FET. However, the same authors suggested that a combination of 3 symptoms and signs (self-reported history of COPD, presence of wheezing on auscultation, and FET ≥ 9 seconds) can be used to predict obstructive airway disease [8] . In contrast, a study by Kern and Patel [9] reported a relatively high sensitivity and reproducibility for FET (93%). However, despite these fi ndings, the test could not be recommended as a diagnostic clinical tool for airway obstruction, due to its extremely low specifi city (43%) [9] . Although, our fi ndings and others may indicate that FET is a reasonable test to support the diagnosis of obstructive airway disease. The test cannot be used as a diagnostic test on Table 2 . Correlati on of FET and simple spirometric parameters in the study populati on. Table 3 . Correlati on of FET and spirometric parameters in pati ents with airway obstructi on (obstructi ve patt ern by spirometry).
Indices
its own for this condition, considering its limited sensitivity and specifi city. Furthermore, the sensitivity and specifi city of the test (55% and 70%, respectively) did not improve when only subjects with clinical suspicion of obstructive airway disease were included, which may cast some doubt on its diagnostic value even as a supportive test.
While the concept of small airway (> 2 mm internal diameter) disease developed in the 1970s, several researchers reported that FET might be a useful index for small airway obstruction in patients with normal spirometry fi ndings [11, 12] . However, Macdonald et al. [13] reported that FET poorly correlates with MEF, which is the standard simple measurement for small airway obstruction. This fi nding was also reported by Kern and Patel [9] in the abovementioned study, which revealed a sensitivity and specifi city of 60% and 44%, respectively. In our study, when FET was used as a diagnostic test for small airway disease, FET was observed to have a relatively higher specifi city (86%), but its sensitivity was as poor as that for obstructive airway disease. This fi nding indicates that FET can be a satisfactory test to confi rm the diagnosis of small airway disease, when used in conjunction with other tests, but not as a screening test, given its low negative predictive value (71%). In addition, the positive predictive value of FET is also not high enough (77%) to be considered a reliable test to be used alone to diagnose small airway disease.
The current study, unlike others, examined the diagnostic value of FET among a population sample with a wide variety of lung diseases and was not limited to patients with suspected obstructive airway disease. However, the population sample used was actually derived from patients with suspected pulmonary disorders referred to the pulmonary function laboratory, rather than from the general population. Therefore, the role of this test as a screening test for obstructive airway disease among the general population cannot be determined.
CONCLUSIONS
In conclusion, our study showed that FET does not correlate well with the FEV 1 /FVC ratio and MEF. In addition, the sensitivity and specifi city of FET for detecting airfl ow limitation, as determined by an FEV 1 /FVC ratio of < 70%, were not high enough for the test to be used alone for the diagnosis of airfl ow limitation. In contrast, its specifi city for the diagnosis of small airway disease was 87%, which may be high enough for FET to be used as a supportive test to confi rm this diagnosis. However, the sensitivity of FET for the diagnosis of small airway disease is very low for it to be used alone as a diagnostic test.
